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Seed dispersal sets the stage for everything that happens to a plant during its lifetime -after germination, plants will never again be able to travel across the landscape. Seeds can't move very far on their own, though, so they rely on wind, water or animals to get the job done. For example, coconuts float on water to reach their destination. Maple seeds fly through the air using auto-rotating wings that operate similarly to helicopter blades. Dandelion seeds use feathery plumes that function like parachutes.
Another common mechanism of seed dispersal is to enlist the help of animals. Many plants surround their seeds with fleshy pulp to strike up mutualistic partnerships with fruit-consuming animals, who swallow seeds whole and defecate them intact in new locations. Animal-assisted seed dispersal can be a highly effective means of seed transportation, but it is often fraught with difficulty. In a new study in this issue of Current Biology, Samuni-Blank et al. [1] demonstrate that a desert plant has taken an ingenious step towards solving the problems associated with animal-mediated seed dispersal. In addition to attracting mutualistic seed dispensers, brightly coloured, fleshy fruits can also attract seed predators, who destroy seeds for the energy they contain, rather than dispersing them intact. Seeds contained in fleshy fruits are freely available to all, generating an evolutionary conundrum for plants, which would benefit from attracting seed dispersers, while repelling seed predators.
On the surface of things, there doesn't appear to be much a plant can do to deter seed predators and to attract mutualistic seed dispersers simultaneously. However, pioneering work conducted a decade ago in South-western Arizona revealed that a desert shrub had solved this problem using a widely known chemical, capsaicin [2] .
Wild chilli peppers (Capsicum annuum) produce capsaicin in their fruit pulp, affecting consumers in a distinctive way -capsaicin triggers receptors located in mammalian mouths that have been designed by evolution to respond to excessive heat. Many people enjoy the sensation caused by capsaicin, so domesticated chilli peppers have found their way into the diets of people living in nearly every corner of the world. Others, however, avoid eating chillies, due to the fiery sensation caused by capsaicin.
Seed-predating rodents have to chew through the fruit pulp to get to the seeds, so they leave chilli peppers off their menu. On the other hand, seed-dispersing birds, who swallow fruits whole and disperse seeds intact, never taste the pepper's simulated 'fire'. Therefore, the production of capsaicin by wild chilli peppers is a directed deterrent -it wards off seed-predating rodents, but has little or no effect on mutualistic, seed-dispersing birds.
In the new study by Samuni-Blank et al. [1] , the authors demonstrate that a different desert plant has taken an additional step towards solving this problem. Ochradenus baccatus, a common shrub in the deserts of the Middle East, produces fleshy fruits that superficially appear to be rather ordinary. However, within the seeds is a special suite of chemicals, which, when combined with a similarly special but entirely different suite of chemicals in the fruit pulp, produce a toxic 'mustard oil bomb'. Many explosives developed by man are based on the same principle: a chemical reaction that occurs when two reactive chemicals are mixed. In this case, though, rather than exploding, the chemical cocktail contained in the mustard oil bomb produces a behavioural change in its victims -it profoundly influences the actions of desert rodents, converting them from seed predators into mutualistic seed dispersers.
Rather than avoid O. baccatus fruits, desert rodents have learned how to 'diffuse' the mustard oil bomb. Rodents collect fruits and bring them to rocky areas before beginning to consume them, because they themselves are less susceptible to being eaten by predators in rocky habitats. Once there, the rodents consume the fruit pulp, and instead of crushing the seeds as they do with most other desert plants, they spit the seeds out whole without damaging them. Voiding the seeds intact ensures that the mustard oil bomb is never detonated, to the net benefit of both the rodents, who harvest the energy contained in the fruit pulp, and of the plant, whose seeds get dispersed without harm. Samuni-Blank et al. [1] also suggest that the rodents' preferred places to consume fruits safely (rocky areas) are also the best places in the landscape for young O. baccatus plants to germinate, grow and survive.
We can relate to the rodents' plight. Watermelons (Citrullus lanatus) are filled with large seeds, and most of us spit them out before swallowing the juicy pulp, largely because the seeds have a sour taste. This sour taste is our bodies' way of telling us that the seeds are defended chemically. By listening to our taste buds and spitting the seeds out, we avoid investing the energy to metabolise these defensive chemicals and avoid any harmful effect they might have after ingestion. However, in the case of O. baccatus, it is the combination of chemicals stored separately in the fruit pulp and in the seeds that creates the chemical deterrent, not just the seeds themselves.
Like chilli peppers, the mustard oil bomb appears to be a directed deterrent, as it affects only would-be seed predators. Because mutualistic seed dispersers only consume the fruit pulp, and do not break open the seeds, the bomb never detonates -the potentially toxic chemicals stay separated and harmless.
Samuni-Blank et al.'s [1] study is important for several reasons. First, it is an eloquent example of a unique solution derived by natural selection to cope with a complicated ecological problem. Second, and perhaps more importantly, this study might help to point the way forward for future studies of seed dispersal ecology.
Seed dispersal ecology emerged as a discipline approximately forty years ago, when inaugural work suggested that fruit-consuming animals and fleshy-fruited plants were coevolved tightly [3] . Plants produce fleshy fruits that suit the behaviour of fruit consumers, who in turn deposit seeds in locations preferred by plants. However, three decades of subsequent work have failed to substantiate much evidence for this paradigm [4] . Instead, seed-dispersal mutualisms appeared to be stochastic systems, with many fruit-consuming animal species interacting more or less interchangeably with many fleshy-fruited plant species, few of which were tightly coevolved with one another [5] .
In conjunction with earlier work on chilli peppers, Samuni-Blank et al.'s [1] pioneering work suggests that we may be looking in the wrong place. Rather than searching for patterns at higher levels of ecological organisation, for example, within networks of interacting plant and animal species, which typify most ecological work on animal seed dispersal, evidence for tighter coupling between fruits and fruit consumers may occur at smaller spatial and temporal scales -inside animal digestive tracts at the molecular level. Future work that continues from where Samuni-Blank et al. [1] left off is now needed to ascertain whether blind bomb makers [6] are at work in the chemistry of other fleshy fruits.
